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Au77+ in RHIC

Dejan Trbojevic

• Introduction
– Remainder: injection of Au79+ in RHIC and Au77+ extraction in AGS.
– Area of interest: IBS could be a possible cooling mechanisms, 

interest for collisions between not-fully stripped ions in RHIC ?, 
acceleration of not fully stripped heavy ions?, …

• Few introductory remarks: 
– Basics of the intra-beam scattering.
– The Barat-Fano-Lichten theory of electron promotion during ion 

collisions. Heavy-ion collisions, electron promotion, quasi-molecular 
orbital.

• Previous proposals: Prof. Kurt Kilian-Julich, M.W. Krasny-
University et Marie Curie-Paris, …

• Details of the experiment proposal and participants.
• Possible future developments.
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Introduction:
- Au77+ extraction in AGS, stripping @ U-line F2 flag, ATR line 

tuned for Au79+ and injection of in RHIC.
The rest mass of fully stripped gold mAu c2 =183.4333180 GeV

− if we fix the Bρ in RHIC and ATR (AGS to RHIC transfer line) only the U –
line part of 
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Au77+ + Au77+ Au77+ + Au77+*

My special interest is here:
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COMPETITION TO COMPETITION TO eRHICeRHIC? : ? : Initial idea: provide 
parasitic electron beam at hadronic colliders.

Leave one (or two) KLeave one (or two) K--shell electrons and try to store shell electrons and try to store 
partially stripped ions in the storage rings partially stripped ions in the storage rings –– get a parasitic get a parasitic 
epep ((eAeA) ) collidercollider

( e.g. s( e.g. s½½
LHCLHC(ep)= 200 (ep)= 200 GeVGeV))

Embark on dedicated studies Embark on dedicated studies -- preliminary results preliminary results –– they need to they need to 
be confirmed by accelerator physicists! and tests!!be confirmed by accelerator physicists! and tests!!

M.W. M.W. KrasnyKrasny
LPNHE, University Pierre et Marie  LPNHE, University Pierre et Marie  
Curie, ParisCurie, Paris
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Basics of the intra-beam scattering

Intrabeam scattering or multiple scattering is a 
Coulomb scattering within a bunch. Due to dispersion a 
change of energy always causes a change in the 
betatron amplitude – coupling between the transverse 
and longitudinal motion.

The transverse growth rate expressed 
through the longitudinal growth rate by dispersion function:

The longitudinal heating [A. V. Fedotov]:

=       Η    

Velocity number from Alexei:

νion velocity x,y=3x105 m/s, 

β=1x10-3       Ekin=91.843 keV !!!

A change the frame of reference:
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The second experiment was to demonstrate the longitudinal IBS cooling. The 
measurements were conducted with a bunched antiproton beam of 25×1010, which was 
initially cooled transversely to a very small emittance (< 2 π mm-mrad). The momentum 
spread was increased to above 4.5 MeV/c by increasing the amplitude of the rf voltage 
and thus compressing the beam.

Understanding the intrabeam scattering at Fermilab:
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Intrabeam scattering bellow transition 
– equilibrium condition is possible – Fermilab results from the antiprotons
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The Barat-Fano-Lichten theory

In atoms, electrons occupy atomic orbitals, but in molecules they occupy similar molecular orbitals which surround the 
molecule. The simplest molecule is hydrogen, which can be considered to be made up of two separate protons and electrons. There 
are two molecular orbitals for hydrogen, the lower energy orbital has its greater electron density between the two nuclei. This is the 
bonding molecular orbital - and is of lower energy than the two 1s atomic orbitals of hydrogen atoms making this orbital more 
stable than two separated atomic hydrogen orbitals. The upper molecular orbital has a node in the electronic wave function and the 
electron density is low between the two positively charged nuclei. The energy of the upper orbital is greater than that of the 1s
atomic orbital, and such an orbital is called an antibonding molecular orbital.
Normally, the two electrons in hydrogen occupy the bonding molecular orbital, with anti-parallel spins. If molecular hydrogen is 
irradiated by ultra-violet (UV) light, the molecule may absorb the energy, and promote one electron into its antibonding orbital (s*), 
and the atoms will separate. The energy levels in a hydrogen molecule can be represented in a diagram - showing how the two 1s
atomic orbitals combine to form two molecular orbitals, one bonding (s) and one antibonding (s*). This is shown below - by clicking 
upon either the s or s* molecular orbital in the diagram - it will show graphically in a window to the right:

Introduction to the MOLECULAR-ORBITAL THEORY:
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The Barat-Fano-Lichten ELECTRON-PROMOTION theory
18+18=36 Krypton
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42+18=60 Neodymium

Crossing of two lines
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My preliminary MO diagram 
for the Au77+ on Au77+

United atoms
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Collisions of the Helium like Gold ions with Al target

Experimental set-up Two photon decay
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Two photon-decay Au 77+ collision with Aluminum
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Previous proposals:

Outlook (what can be done at BNL ) [M. Krasny]

• Low intensity Au(77+) beam sent to RHIC (already considered -
thanks for Leif Ahren’s info)?

• If successful: replace Au(79+) by Au(77+) in runs with 
deuterons? 

• Emittance studies of the Au(77+) beam in AGS and RHIC (thanks 
for Dejan info)

• Direct measurement of the rates  of monochromatic photons at 
various stages of the beam acceleration (characteristic gold 
excitations)

• Impact on RHIC and eRHIC (fast stripping at the top RHIC 
energy?, low emitance beams for eRHIC?) 
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Summary from Krasny’s talk:

• Partially stripped high-Z ions, even if very 
fragile, can be accelerated and stored in LHC 
(and in RHIC?)

• The possible colliding partners  are only  fully 
stripped light ions. 

• Partially stripped ions provide a cheep beam 
of monochromatic electrons

• The internal structure of partially stripped 
ions allows for their precise manipulation 
with a large list of possible side gains…

• Remaining worries: vacuum in the storage 
ring, Touschek effect, ???
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Prof. Kilian talk at COOL2003

Previous proposals:
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• Details of the experiment proposal and participants

1. The first stage: just inject and study Au77+ in RHIC
- Measure the emittance by IPM
- Change the RF conditions
- Different intensities

2. Participants or people who have shown interest: 
Leif Ahrens, Waldo MacKay, Woody Glenn, George Parzen, 
Mike Blaskiewicz, Mike Brennan, Christoph Montag, Mei Bai, 
Peter Thieberger, ….

• Future developments:

If there is any emittance reduction without the beam loss:

-Install the X-ray detectors to catch the electron de-excitation.
-Accelerate Au77+
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